The Horizontal Gene Transfer DataBase (HGT-DB) is a genomic database that includes statistical parameters such as GþC content, codon and amino-acid usage, as well as information about which genes deviate in these parameters for prokaryotic complete genomes. Under the hypothesis that genes from distantly related species have different nucleotide compositions, these deviated genes may have been acquired by horizontal gene transfer. The current version of the database contains 88 bacterial and archaeal complete genomes, including multiple chromosomes and strains. For each genome, the database provides statistical parameters for all the genes, as well as averages and standard deviations of GþC content, codon usage, relative synonymous codon usage and amino-acid content. It also provides information about correspondence analyses of the codon usage, plus lists of extraneous group of genes in terms of GþC content and lists of putatively acquired genes. With this information, researchers can explore the GþC content and codon usage of a gene when they find incongruities in sequence-based phylogenetic trees. A search engine that allows searches for gene names or keywords for a specific organism is also available. HGT-DB is freely accessible at http://www.fut.es/~debb/HGT.
INTRODUCTION
Horizontal Gene Transfer (HGT), the transfer of genes between different species, is recognized as one of the major forces in prokaryotic genome evolution (1) . Acquired genes may provide novel metabolic capabilities and catalyze the diversification of microbial lineages. HGT events can be detected from patterns of best matches to different species and the distribution of genes, or by identifying regions of the genome with unusual compositions or incongruities between phylogenetic trees (2, 3) . Each of these methods has its advantages and disadvantages (2) . The prediction of horizontally transferred genes using atypical nucleotide composition is based on the genome hypothesis (4) that assumes that codon usage and GþC content are distinct global features of each prokaryotic genome. With this method, a significant number of prokaryotic genes have been proposed as having been acquired by HGT (5, 6) . However, it cannot predict all acquired genes unambiguously (7) because genes may have adjusted to the base composition and codon usage of the host genome (this is called the amelioration process) or because an unusual composition may be due to factors other than HGT (6) . Despite these limitations, atypical GþC content and patterns of codon usage are especially useful for detecting the putative origin of the transferred genes (8) (9) (10) .
To confirm whether a gene or group of genes has been acquired by HGT, it can be useful to combine multiple lines of evidence (2) . If researchers have access to the compositional parameters for each gene from complete genomes, they will be able to explore for themselves the GþC content and codon usage of genes when they find incongruences among sequencebased phylogenetic trees or when they detect putatively transferred genes with other methods. We have, therefore, created the Horizontal Gene Transfer DataBase (HGT-DB) to facilitate compositional analyses and provide additional evidence for discussing the possible foreign origin of the genes of a genome and detecting whether acquired genes have been ameliorated. For each prokaryotic complete genome, the HGT-DB provides averages and standard deviations of GþC content, codon usage, relative synonymous codon usage and amino-acid content, as well as lists of putative horizontally transferred genes, correspondence analyses of the codon usage and lists of extraneous groups of genes in terms of GþC content. For each gene, the database lists several statistical parameters, including total and positional GþC content, and determines whether the gene deviates from the mean values of its own genome. The HGT-DB has so far been used to study strain-specific genes of Helicobacter pylori (11, 12) and to exclude putative horizontally transferred genes in genomic or proteomic analyses (13) .
SOURCES OF GENOMIC DATA AND METHODS
Sequence files of prokaryotic complete genomes are retrieved from the NCBI ftp server. Total and positional GþC content, codon usage, relative synonymous codon usage and aminoacid content are calculated for each gene. For each genome, except for genes under 300 bp, which can have extraneous compositional values, the averages and standard deviations of the above parameters are calculated. The methods we used to consider whether a gene is extraneous in terms of GþC content or codon usage and a candidate to be acquired by HGT are described in Garcia-Vallve et al. (6) . Briefly, genes are considered as extraneous in terms of GþC content or codon usage if they deviate by more than 1.5 standard deviations from the mean values. Genes are considered to be putative horizontally transferred genes if they have extraneous GþC content and codon usage, they are over 300 bp and they do not deviate from the average amino-acid composition. Clusters of genes with a high or low GþC content are also considered to be acquired genes, regardless of their length or codon usage (6) . It is important to distinguish highly expressed genes from horizontally transferred genes (6) . Highly expressed genes may deviate from the mean values of codon usage because they adapt their codon usage to the more abundant tRNAs. For this reason, ribosomal proteins, a group of highly expressed genes, are filtered and not included in the database predictions. Other groups of highly expressed genes will be included in future versions of the database, but individual analyses to define the group of highly expressed genes for each genome, if there are any, will probably be needed.
Genes proposed as being acquired horizontally are represented in a correspondence analysis in which protein-coding The percentages are referred to the genes analyzed, that exclude genes smaller than 300 bp and genes for ribosomal proteins.
sequences are considered as points in a 59-dimensional space (the stop codons and codons for methionine and tryptophan are not included), and each dimension corresponds to the relative frequency of use of each codon measured with the relative synonymous codon usage (RSCU) values. Correspondence analysis reduces this multidimensional space to a two-or three-dimensional space that can be represented graphically. In these graphs, vertically descended genes are expected to cluster together around the origin, whereas genes predicted as acquisitions are expected to be on the periphery.
ORGANIZATION OF THE DATABASE
The HGT-DB is organized by genome i.e. every prokaryotic genome that has been completely sequenced forms a new entry. Different chromosomes from the same organism, or genomes from the same species but different strains, are found in different entries. The current version of the database contains 88 genomes that are sorted alphabetically and classified taxonomically. Table 1 shows the archaeal and bacterial genomes included in the current version of the database, as well as the number of extraneous genes in terms of GþC content and codon usage. The main page for each genome contains links to additional sections and the mean values and standard deviations of total and positional GþC content, codon usage, relative synonymous codon usage and amino-acid content. The other sections available for each genome are: a correspondence analysis of the codon usage, a list of extraneous regions in terms of GþC content and a list of the proposed horizontally acquired genes. The database also provides access to a tab-delimited file with all the statistical calculations for each gene of a genome. The fields available for each gene in these files are: information about its position (coordinates, strand and length), gene name, function, the Cluster of Orthologous Group, COG, (14) it belongs to, total and positional GþC content, the Mahalanobis distance to the average codon usage (6), amino-acid content deviations, if any, and a prediction of whether the gene belongs to a region with a high or low GþC content or whether it has been acquired by HGT. This information can be also accessed via a search engine that allows searches for gene names or keywords for a specific organism. When searching for a gene name, one can also view the upstream and downstream genes. Forces other than HGT are also responsible for the heterogeneity in the codon usage of all the genes of a genome. The HGT-DB, therefore, has a section containing the correspondence analysis of the relative synonymous codon usage for each genome. This section contains a table with the percentage variability of the six axes that account for the greatest variation in codon usage, a graphical representation of the coordinates of each gene in the first and second axes (the genes proposed as being acquired by HGT and putative highly expressed genes are shown in different colors) and a table with the correlation values between the position of genes in the first or second axis, and the GþC content and several indices of codon bias. These indices are: the effective number of codons (Nc) (15) , the intrinsic codon deviation index (ICDI) (16) , the translational efficiency index (P2) (17) and the scaled X 2 index (18).
DATABASE ACCESS
HGT-DB is freely accessible at http://www.fut.es/~debb/HGT/. The database will be updated several times each year. Changes and new additions to the database can be viewed in the 'news and previous release' section.
